have shown to be non-rigid in solution and their fluxional behavior has been studied by VT 1 H NMR spectroscopy. An X-ray diffraction study on the assemblies (1a) 2 and (1d) 2 revealed the formation of rectangular (9.6 x 6.6 Å) hexanuclear metallomacrocycles with alternating dinuclear (Rh 2 ) and mononuclear (Rh or Pt) corners. The hexanuclear core is supported by four pyridine-4-thiolate linkers, which are bonded through the thiolate moiety to the dinuclear rhodium units, exhibiting a bent-anti arrangement, and through the peripheral pyridinic nitrogen atoms to the mononuclear corners.
Introduction
The search for new and complex structures has been a motivating factor for the intensive study of metalla-supramolecular chemistry. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The sustained interest in this area is driven by the wide range of potential applications of these species in gas storage, 15, 16 catalysis, [17] [18] [19] [20] molecular magnetism, [21] [22] [23] optical materials, [24] [25] [26] sensoring [27] [28] [29] and many other areas.
In metal-based supramolecules, the metal units play an important role in controlling the structural geometries and tuning the chemical and physical properties of the compounds. In contrast with the synthesis of functionalized organic compounds, which can be achieved with high specificity by use of well-defined reactions and reagents, creation of complex metalbased molecules remains highly challenging because of the dynamic properties and lability of many coordination bonds. Although self-assembly has been proved to be a powerful tool to achieve a remarkable number of ordered structures, 11, 12 such an approach depends largely on the availability of the metal-based building blocks suitable for the assembling.
Lately, we have become interested in the design and synthesis of heterometallic macrocyclic species [30] [31] [32] since the presence of different metal moieties can confer cooperative and/or dual behavior to the final species, particularly in that related with their participation in catalytic processes. [33] [34] [35] Although other methods have been described, the most common strategy to synthesize heterometallic macrocycles is the named modular self-assembly. This methodology requires the initial synthesis of metalloligands, i. e. coordination complexes with strong covalently bound ligands that have additional donor sites for coordination to further acceptor metallic building blocks.
In the general approach, monometallic building blocks are combined to yield selfassembled architectures. Despite the fact that the use of bimetallic units in combination with acceptor metallic complexes opens up new prospects for research in this area, only a handful number of bimetallic metalloligands have been described so far. In this context, Re 2 , 42 is, to our knowledge, the unique example of a bimetallic building block lacking metal-metal bonds that coordinates to additional metal centers by terminal cyanide groups that are coordinated to one of the platinum atoms of the binuclear complex (Chart 1).
Chart 1. Schematic representation of reported bimetallic metalloligands.
In considering the goal of connecting dinuclear and mononuclear units, and given our experience in the synthesis and characterization of thiolate-bridged rhodium and iridium dinuclear complexes [43] [44] [45] [46] [47] and related hydrosulfide-bridged counterparts, 48 properties, 45, [49] [50] [51] [52] [53] [54] [55] and its catalytic activity in the hydroformylation of olefins under mild conditions. [56] [57] [58] [59] [60] Monodentate thiolato bridging ligands provided flexible structures that support a wide range of bonding and non-bonding metal distances by modification of the hinge angle 5 between the rhodium coordination planes. In addition, the existence of several conformers arising from the relative disposition of both thiolato ligands into the dinuclear framework and their possible interconversion, confers to the complexes an unusual versatility from the point of view of its potential application as syntons in supramolecular chemistry.
On the other hand, pyridine-4-thiol is a versatile ligand, since it has a potential coordinating ability to transition metals both through the sulfur or the nitrogen atoms. Moreover, the deprotonated pyridine-4-thiolato ligand usually coordinates to transition metals through the sulfur atom while leaving the pyridine moiety free. We thought that if the bimetallic complexes based on pyridine- 76 All hydrogen atoms were calculated and 13 refined using a riding model. PARST program 77, 78 was used in the geometrical analysis of the complexes.
Although several crystals were tested, data for (1a) 2 showed in all cases broad reflections with general low intensity most probably due to quick loss of solvent for these samples. The eventual data collected prevented a proper conventional least-square refinement, but allow the appropriate identification of the metallocyclic skeleton of the molecule. A similar situation has been described for other related macromolecular complexes where big cavities contain very labile and/or disordered solvent molecules. [79] [80] [81] [82] [83] The limited quality of crystal data of (1a) 2
does not allow a conventional refinement of all non-hydrogen atoms including anisotropic thermal parameters. The atoms of the counterions (found to be disordered) have been refined with isotropic thermal parameters and a common thermal parameter has been used for the fluorine atoms; geometrical restraints for both B-F bond lengths and F-B-F angles were also At the final steps of both structural refinements, clear evidence of the existence of large solvent-accessible voids and the presence of highly disordered solvent was observed. All attempts to model these molecules were unsuccessful. An analysis of the solvent region has therefore been performed using SQUEEZE program. 84 The contribution of the estimated solvent content to the total structure factors has been calculated and incorporated in further least-squares refinements. A summary of the crystal data and structure refinement parameters is reported in Table 1 . General strategy for self-assembly reactions. Once prepared and fully characterized, the bimetallic metalloligands described above were used to design self-assembled metallomacrocycles. The thiolate-bridged dinuclear compounds feature two peripheral pyridine nitrogen donor atoms available for coordination to suitable metal fragments.
However, giving the lack of conformational rigidity of this family of compounds, different possibilities of self-assembly could be envisaged depending on the relative disposition of the pyridine rings ( Figure 1 ). This feature provides highly flexible linkages for the design of supramolecular assemblies. While the syn-exo isomer could yield discrete metallomacrocycles as a result of its combination with metal building blocks having two available coordination sites at 180°, acceptor units having two coordination positions at 90° should be necessary in order to get a discrete assembly in the case of the syn-endo isomer, which displays an almost linear orientation of the pyridine fragments. The anti isomer, however, has the possibility of forming discrete species either by combination with 90° or 180° acidic metal fragments.
Nevertheless, it has to be considered that the disposition of the donor moieties in these metalloligands does not allow ruling out the formation of self-assembled polymeric species such infinite chains or networks.
Although the choice of a metal-containing acceptor with an adequate angle between the vacant positions may be decisive for the control of the reactivity at the metal site, the nature of the final products will depend on their thermodynamic stability since it is know that selfassembly is a thermodynamically controlled process. After the reaction completion (2h for (1a) 2 and (1b) 2 , and 12h for (2b) 2 ), the species were obtained as solids in moderate to good yields (60-90%) and characterized by elemental analysis, mass spectrometry (ESI+ or MALDI) and NMR spectroscopy. In addition, single crystals of compound (1a) 2 were grown by slow diffusion of hexane into a dichloromethane solution of the complex at 258 K and were further characterized by an X-ray diffraction analysis.
Self-assembly reactions involving [M(µ-Spy)(cod)] 2 (M = Rh (1), Ir (2)) metalloligands and [M(diolef)(CH

Scheme 2. Self-assembly of hexanuclear rhodium and iridium metallomacrocycles
A molecular representation of the cation of (1a) 2 is depicted in Figure 2 , and selected structural parameters are summarized in Table 2 The bimetallic metalloligands with a bent-anti arrangement, coordinate to Rh(cod) fragments giving rise to hexanuclear metallomacrocycles exhibiting an unusual alternating disposition of bi-and mono-metallic corners. The anti disposition of the thiolato ligands in the dinuclear rhodium corners contrasts with the syn disposition observed in the parent dinuclear thiolate-bridged building block (see above). As the syn-anti interconversion cannot be explained by inversion of the non-planar Rh 2 S 2 ring, the formation of the metallomacrocycles should involve a sulfur inversion. This can occur either by breaking of a Rh-S bond (dissociative mechanism) or through a planar transition state in which the S atom is sp 2 -hybridized (non-dissociative mechanism). 52 The Rh(5) and Rh (6) (5)···S (1)···Rh (6)···S (4) pyridine, which were observed at δ 3.97 ppm.
As it has been pointed out above, inversion of the non-planar Rh 2 S 2 ring in dinuclear complexes having thiolato ligands as bridges is a common phenomenon that is responsible for their fluxional behavior. In this case, this process would account for the pattern of resonances 27 observed at room temperature. However, the ring-flipping process not only results in the exchange of the thiolato ligands in exo and endo disposition but also in the movement of the bulky cod ligands towards the inner part of the metallomacrocycle. Thus, this process requires the concerted motion of the metallomacrocycle in order to allow the rotation about the C-S bonds just for relocating the cod ligands in the outside part of the metallomacrocycle. For that reason, the breaking of the Rh-N bonds in order to assist this process should not be ruled out.
Interestingly then, the existence of an equilibrium between the supramolecular species and their corresponding building blocks seems to be responsible for this dynamic behaviour.
temperature is very similar to that described for the [Rh 6 ] species, which suggests a similar fluxional behavior for this compound. However, in this case the fluxional process could not be frozen at low temperature precluding further investigation. Furthermore, the characterization of these family of compounds was complemented with a X-ray diffraction study on a single crystal of (1d) 2 grown by slow diffusion of diethyl ether 31 into dichloromethane solution of the compound at 253 K. As featured in Figure 8 , the crystal structure shows a macrocyclic square-shaped assembly containing alternating [Rh(μ-4-Spy)(cod)] 2 binuclear ligands and Pt(dppp) groups located at the corners of the cationic hexametallic unit. The whole molecule resembles the molecular structure observed for (1a) 2 , where the two "Rh(cod)" corners in (1a) 2 have been substituted by the "Pt(dppp)" groups (Supporting Information, Figure S7) . The asymmetric unit of (1a) 2 contains half of the molecule, that can be expanded via the inversion symmetry operation. An analysis of the geometrical parameters of the binuclear ligand come out with interatomic bond distances and angles (summarized in 6 complexes. 31 The square- . 95 Within this arrangement, π···π interactions are observed between equatorial phenyl rings of the diphosphine and the pyridine rings ( Figure 9 and Table S1 in Supporting Information). Packing arrangement of (1d) 2 is very different than that observed in (1a) 2 , as it shows columnar stacking along a axis with perfect overlay of the metallomacrocycles (Figure 10 ). (a) in a 1:1 molar ratio in CH 2 Cl 2 gave an orange-brown crude product that was isolated after the addition of diethyl ether. Interestingly, in contrast to that observed for the previously described metallomacrocycles, the NMR spectra of this material indicated the presence of a mixture of self-assembled species with a clear predominance of one of them. So, the 1 H NMR spectrum (Supporting Information, Figure S11 ) showed four intense sharp doublets that indicated the equivalence of pyridines into pairs while 31 P{ 1 H} NMR spectrum (Supporting Information, Figure S12 ) displayed as the most intense resonance a doublet ( 1 J P-Rh = 129 Hz)
that is in accordance with the equivalence of the four phosphorus nuclei. In addition, the 1 H-1 H NOESY spectrum showed proximity cross peaks between one of the β pyridine protons and a phenyl group of triphenylphosphine. Since the metalloligand 4 can adopt different structures depending on the relative disposition of the PPh 3 and CO ligands, four different isomeric metallocycles can be envisaged i.e. two cis-cis (C 2h and C s symmetry) and two transtrans (C 1 and C 2 symmetry). NMR data strongly suggest that the major species from the 4 + a self-assembly should be the cis-cis isomer of C 2h symmetry (represented in Figure 11 Finally, the introduction of Rh(cod) functionality in these supramolecules opens the possibility of undergoing future studies of their catalytic activity in several processes.
Supporting Information Available: X-ray crystallographic files in CIF format for the structure determination of metallomacrocycles (1a) 2 and (1d) 2 . NMR spectra of (1a) 2 and (4a) 2 , ESI-MS spectra of (1c) 2 , (1d) 2 and (2d) 2 and geometrical parameters of the π··· π interactions in (1d) 2 . This material is available free of charge via the Internet at http://pubs.acs.org. 
